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o CC: b—clv
- R(D™)

e FCNC: b—sltl-
— BSO_>/J+IJ-

— Decay rates
- Angular analyses

— Lepton flavour ratios
e Effective couplings

e Prospects
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- LHCb Upgrade 2
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b—clv : R(D™)

pt /Tt

LFNU in CC tree decays?

— T-excess in b—c transitions, sensitive to TeV BSM

b
B

W+

C
D*

: : ~
BaBar 2012, had. tag : : *
0.332+0.024£0.018 ; | — )
Belle 2015, had. tag : U N
0.293 +0.038 +0.015 : o (a7
Belle 2017, (hadronic tau) _
0.270 +0.035 +0.027 s :
LHCb 2015 i i -
0.336 +0.027 +0.030 : :
LHCb 2018, (hadronic tau) : :
0.283 +0.019 +£0.029 B
Belle 2019, sl.tag : :
0.283£0.018+0.014 |
Average ] - N
0.295+0.014 : {
SM Prediction T + ‘\\ : ’/' .
0.254 +0.005 LB et A\ vg:
PRD 95 (2017) 115008 o .' : - <
0.257 £0.003 = : : _')J d 9
JHEP 1712 (2017) 060 H :
0.257£0.005 o o :
PLB 795 (2019) 386 < : :
0.254%0.007 ©c :
PRL 123 (2019) 9,0915TD : :
0.253 £0.005 c - :
EPJC 80 (2020) 2,74 (O ()
0.247 +0.006 ) (@)]

) HFLAV

7 L2z |
2021
<
! | | ! 1 ] ] il ] ] !
0.2 0.3
R(D¥)

0.35

0.3

0.25

0.2

2021
LHCb15
30
LHCb18
[ ]
Bellel7
-+ HFLAV SM Prediction

R(D) =0.299 £0.003
R(D*) = 0.254 £0.005

l 1 1 1 1

Ay* = 1.0 contours

BaBar12
#  Bellel9 Bellel5
SM, 3.30
PRD 94 (2016) 094008 World Average

PRD 95 (2017) 115008
JHEP 1712 (2017) 060
PLB 795 (2019) 386
PRL 123 (2019) 091801 p=-0.38
EPJC 80 (2020) 2, 74 P(x?) = 28%

1 1 1 1 l 1 1 1 1

R(D)=0.339£0.026 £0.014
R(D*)=0.295%+0.010+0.010

IllllllllIIII|IIII|IIII|III

0.2

0.3 0.4 0.5

Z
=

B(Bf— Jttu,)
BB o)

R(JW) =
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LHCb Coll. arXiv:1711.05623
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Candidates/(0

Recent measurement of B(A,—A.Tv) (LHCDb)

Nsig €norm 1

" Nuom sy B(T— — 37(70)7,)

Candidates/(

BDT<0.66

E LHCb 3 b 7

T

e New result on semileptonic anomalies
- Hadronic tau decays
e Measure |BUy—AlTw)
B(AY — Af3m)
e Simultaneous 3D fit to: T, BDT, g2
— Discriminate Ny, —A v from NAy—=ADX
1600 LHCb 3 fb! - : 1 pm
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LHCb Coll. arXiv:2201.03497
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Recent measurement of B(A,—A.Tv) (LHCDb)

e New result on semileptonic anomalies

— Hadronic tau decays

e Measure |BUy—= AT V) Nig €nom 1
B(AY — Af3m) Noorm €sig B(17™ — 3n(70)7;)

e First observation of A,—A_tTv at 6.10 LHCb Coll. arXiy:2201 03497

- Using BR(A,=Aa1mn): | B(AY — AT D,) = (1.50 £ 0.16 + 0.25 £ 0.23)%
= Using BR(A,=ATw): | R(AF) = 0.242 £ 0.026 & 0.040 % 0.059
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E Bellel7 World Average E
02 [~ HHFLAY SN Predicion R(DY = 02950010 £0010 ]
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Test of e/ universality (Belle II)

1 - 1 1 Il Xev B Xpuv
e Inclusive b—clv analysis (hadronic tag) =R,
. I e Continuum [EEH p: Continuum
_ (@(B—)XEV) POSt-flt: MC all unc. ¢ Data
R(Xe/w) =2 ) 15l le LU e i T
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p; | GeV
» Most precise LFU test in b—clv to date
» precursor to an inclusive B—X1v / B—X/v measurement
ECFA - 22 Jul 2022 v,
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b—sltl-

Rich laboratory:

1) Purely leptonic
2) Decay rates

3) Angular asymmetries

4) Ratio of decay rates

ECFA - 22 Jul 2022
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B —utur

e Purely leptonic b—sl*I-

+ B.9—ete" (LHcb, arxivi2003.03999 )

+ B9 =TT (LHeb, arxiv:1703.02508)
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LHCDb —e— Data
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LHCb Coll. arXiv:2108.09284

Theory :
BB = u'w)=(3.66=0.14)x10" | B(BY — ptp~) = (3.097345+543) x 1079

BB’ = u'u)=(1.03£0.05)x107" B(BO R M+M_) < 26 % 10-10
B(Bg — :u+:u_7)muu>4.9 GeV/c? < 2.0x107"

Beneke, Bobeth, Szafron, arXiv:1908.07011
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B s)? =t (2020)

" ATLAS CMS LHCb Summer 2020

e Including BO:

[ Prehmmary ]
05F 2011-2016 data 3

ATLAS, CMS, LHCb Coll, Aug. 2020 https://inspirehep.net/literature/1810424 ECFA - 22 Jul 2022 11



Bs)” =KW

e Including BO:

e NB: new result
from CMS at ICHEP

not included here

e Relative production of B.° wrt B% mesons, f/f, :

B(B;— u*u)

x107

Fo/fa (TTeV) = 0.2390 + 0.0076
fo/fa(8TeV) = 0.2385+ 0.0075
£/ fa(13TeV) = 0.2539 +0.0079

LHCb Coll. arXiv:2108.09284

(Integrated, p; [0.5,40] GeV/c, n [2.6,4] )

fs/fd
fs/fd

(pr, 7TeV)
(pr, 8 TeV)

— (0.244 4 0.008) + ((=10.3 £2.7) x 107*) - py
= (0.240 £0.008) + ((— 3.4+2.3) x 107%) - pr
fo/fs (pr,13TeV) = (0.263 £0.008) 4 ((=17.6 +£2.1) x 107 %) - pr

LHCb Coll, arXiv:2103.06810
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Bo—utu

LHCb 0.48
PRL 128 (2022) 041801 3.097
ATLAS+CMS+LHCb 2 69 *0-37
BPH-20-003 09 o35
CMS 0.72
JHEP 04 (2020) 188 2.94% ¢
JHEP 04 (2019) 098 © o7
SM Prediction
Beneke et al, JHEP 10 (2019) 232 . 3.66 = 0.14
| | | l | | | | | | | | | | | | | | l | |

1 2 4 5 9

B(B’ — wu) [107]

From: D.Kovalskyi (CMS), ICHEP, 9 July 2022

S
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Decay rates

e Study same process with b o
different hadrons: 772\"<
7
d
U U K*
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b—sltl-

Rich laboratory:

dI'/dg?

2) Decay rates

3) Angular asymmetries

4) Ratio of decay rates

T.B

lake et al. arXiv:1606.00916

Photon pole
&~ enhancement (from C7)

CKM suppressed
¢ light-quark resonances

Broad charmonium
\ resonances (above the
open charm threshold)

Sensitivity to

Cg and Cl()

Sensitive to C7—Cy phasespace
interference suppression
T B T o
0 5 10 15 20
<« increasing hadronic recoil q2 [ GeVZ]

increasing dimuon mass =»
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per EJ interval

1 dl;

5 dE,

Y

b—sy: Radiative decays

e Radiative decays are sensitive to C,()

S
2

—~ T L R o

> 13

© LHCb J 0O

A,°—Ay (LHCDb) 4 I'(0,) x 1 — a,apcosb, A 2 250f on' 4 g
b y : —4- Data o
o YL — VR SM g e ¥ ] f:

- — — 1 : E fm? i::atoria 1 3

v /YL _|_ fyR av § : iﬁ—l:/m 1‘: ?

=R 1N

, +0.04 e Hy n

L oy, = 0827758 (stat.) o1 (syst.)J S sof ﬁ;";. =

: lo

oba ) =

| R TP S N .1
5000 5500 6000 6500£
m(pry) [MeV]

0.3

+ —— Belle and BABAR B(B — Xs7) > r ) ' T ' I S —
B'—K *0)/ ( —e € ) (LHCb) 0zd — LHCY B s 6 8 T é) 100 F= LHCb prelininary ‘; P B K¢ ] 5
i IéIl-ID(E):lPreliminary B® — K*ee 9 fb~1 cﬂ(; E I Data ; sL/C E g
_ 014 / : 80 - Model : , Bk mete . =
& - 3 C i . ] o
Zie 0.0 (a .-g 60 - - B =K "n(etey) - x
el =R . Il 5~ ey ] X
—0.11 < 40 — : 0 ) —
O C B=K"y ]
B — Xy (Belle I) ob 1 E
1.50 x10~* Belle Il preliminary [£=189.3 b1 \\ ____________ - Y 3 *"E
I b measuredresult s 2 01 0o o o0z oo 4500 5000 5500 6000
. » L. Rybr = Xsy mode INP + _
100k Hybrid model uncertainty Re(C’7 ) m(K 7ete ) [MCV]
' ICHEP, E.Ganiev, 9 July 2022
0.75 %
I Lo £,
050 F :J» : Ef threshold, GeV B(B — X,v)(107%)
1
0.25 1
0,00 o L] 1.8 3.54 + 0.78 (stat.) £0.83 (syst.)
05| 2.0 3.06 £ 0.56 (stat.) £0.47 (syst.)
1.8 2.0 2.2 2.4 2.6 ECFA - 22 Jul 2022
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Decay rates (LHCb)

Decay rate with muons in final state consistently low:

Em].CSR Lattice —e-Data
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B*—K*vv (Belle II) K ~ A
v<- Bt < Y@4S) — B~ —i

. — a N

e Unique to Belle II v

— Connection to b—smm in eg. Descotes-Genon et al PLB_809 (2020) 135769

e Inclusive tag based on event topology
e Compatible with SM at 1.00

BF(B+— K+w) = (1. 9+ ) x 107

Signal region S] Average
1 ‘ 0.4, prelir
[ | — ————
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& 200 B Continuum | | ® Belle (7].]. fb™, Had)
¢: Data : 3.0+1.6 PRD87,111103
: ] I
100 : scaled by 2 ] I B 1
: o—i abar (429 fb—*, Had+SL
1 0.84+0.7 PR?)87, 112005 )
- ll I 1 1 1 I 1 1 1 l 1 1 1 l 1
%05 2.0 24 3.50.52.0 2.43.50.52.0 2.43.50.52.0 2.4 3.5 0 2 4 0 8 10
pr(K")[GeV/c] 5
+ + =
10° x Br(BT™—K ™ )
ECFA - 22 Jul 2022 18

Belle II Coll, arXiv:2104.12624



BO—K9*1*+1 (Belle)

e BR can be significantly enhanced

Preliminary result

< 150 -
g i} e Data —Flc;t_o
o F .---Signal [x(-10)]  ---B°B
s | BB qg
L% 1OO\L --- Rare B utv
« EgXITa =0 for signal = ESX™ < 0.2 GeV
* Ngy=—4.96.0
- T
B(B” — K*t717) < 2.0 x 107° at 90%
EZ (GeV)
K.Kang, ICHEP, 9 July 2022 ECFA - 22 Jul 2022 19
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Angular asymmetries
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Angular asymmetries (Belle)

e Interesting to compare angular asymmetries for gy and e

u

A

1 1 I 1 T T T I
" SM from DHMV 13
L ® LHCb Run 1 analysis 1
0.5 0 Belle ¢*e” arXiv:1612.05014 ] =
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= ._& | g
0 I
_1- 1 | L Il L 1 | 1 <]>|
0 10 15
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BO—K9*u*u~ : more than just P’

e Many measurements:
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0.8 ﬁ% SM from ASZB SM from ASZB —_— /
0.6F + * I 77—+ ]
- o+—@
0.4:— + "z 1
% ] F+ :
02 » ] | 4
C ] -0.5 _
G " " " " 1 " " " " 1 " " " " 1 " " " 1 " 1 " " " " 1 " " "
0 5 10 15 0 5 10 15
¢* [GeV¥cH ¢* [GeV¥ 4
g T T T el 1_ T T T ]
0.5 LHCb Run 1 + 2016 ] o LHCb Run 1 + 2016 ]
i SM from ASZB 1 Q [7] SM from DHMV 1
L 1 0.5F .
[+ 3 3 Pl =5/ JF(—F
o2 of 5 — 5/ L ( - L)
- et s+ o B C H
-0.5- . ]
e g -1, . % A P B
0 5 10 15 0 5 10 15
q* [GeVc4 q* [GeV?¥c4]
N T T T 1 T T T —r T
0.5 LHCb Run 1 + 2016 7 0.5 LHCb Run 1 +2016
[ A SM from ASZB ]
o [ P +—pd
I ’ %—F —+ —t I ]
-0.5 - -0.5 ]
N N 1 N L L N N N 1 N N N 1 " 1 " 1 " " 1 1 1 1
0 5 10 15 0 5 10 15
¢* [GeV¥/ ¢4 ¢* [GeV¥ ¢4

LHCb Coll, arXiv:2003.04831
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Intermezzo: Effective couplings

e Historical example

e Both are correct, depending on the energy scale you consider

ECFA - 22 Jul 2022 23



Intermezzo: Effective couplings

e Historical example

Ve

u
d > / (& —
<
Ve

e Analog: Flavour-changing neutral current

S

T

b [
7)2\'\<

ut

ECFA - 22 Jul 2022

24



Intermezzo: Effective couplings

Effective coupling can be of various “kinds”
— Vector coupling: Cq
— Axial coupling: Cio
- Left-handed coupling (V-A): C4-Cy
- Right-handed (to quarks): GCg’, Cio, ..

S

ECFA - 22 Jul 2022 25
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Intermezzo: Effective couplings

C, (photon), C4 (vector) and C,, (axial) couplings hide everywhere:
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Coherent pattern

arXiv:2003.04831: BO— K*Opu+p-

arXiv:2012.13241: B+— K**+p+p-
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From: Martino Borsato, Flavour Anomaly Workshop,

20 Oct 2021, hﬂm&.lﬂnﬂm.mm&h&&n.tﬂm
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Coherent pattern

e Charm loop effects could also cause a shift in Cq

B — K*Olufr'u_ — 3.30 ——]
BJr — K*+/JL+/J/7 - 310 —e—
B, — gt~ | 190 e

From: Martino Borsato, Flavour Anomaly Workshop, —3 —2 —1

1
20 Oct 2021, https://indico.cern.ch/event/1055780/ Re(C9 - C9SM)

o R ——
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Ratio of decay rates

B(BT — Ktutu™)

B(BT — KTete™)

Rk

e Theoretically “clean”

e Experimentally

Signal yields

Backgrounds

Electron reconstruction

Efficiencies cancel in ratio

Belle II: good electron reconstruction

LHCDb: large B sample

“# Ry Belle [Phys.Rev.Lett.103:171801] “# Ry Belle [Phys.Rev.Lett.103:171801]
¢ Ry BarBar [Phys.Rev.D.86:032012] ¥ Ry BarBar [Phys.Rev.D.86:032012]

B L L A S e ) S B
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= 60

O 40

o

m(K*ete™) [MeV/c?]

@ Ry [Nat. Phys. 18, 277-282 (2022)] Ry [JHEP 05 (2020) 040]
@ Ry [PRL 128, No. 19]
Ry [PRL 128, No. 19]

el

1.0m
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A Ry [JHEP 08 (2017) 055]
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My (LHCDb)

o Test efficiencies are understood in all kinematic regions by
checking ry,,, is flat

e Flatness of ry,, 2D plots gives confidence that efficiencies are

understood
~ 1.1 — 0.30 -
vv -
SO S : LHCb
— n LHCb :‘ 0.25 - h\ . .
NG —~ UL simulation
R £ 0.20F ‘ \\\“k\
: S m\\‘\?\
1= 0.15F \ i %
: 0.10F \
0.95 -
i 0.05F
N T T R i =
%% 5000 10000 15000 0.00 1.0 415 50 5{ .

p(BY) [MeV/c] log, (max(p(I"), p(1)))

ryp = 0.981 £ 0.020 (stat 4 syst)

LHCb Coll, arXiv:2103.11769
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ry,, (Belle II)

140

% 120 b Belle Il (Preliminary) % 250 |- Belle Il (Preliminary)
% 100 _ f Ldt =189 fb” & of f Ldt =189 fo”
§ s - B’ — K Jry(e" ) g o B° — K Jp(u’ )
8 wf + Data 8 i + Data
E == = Signal 100 === Signal
4or s Background r wi Background
3 — Fit s0 | — Fit
-0.1 -0.05 0 0.05 0.1 0.15A . [Ge\(;].Q -0.1 -0.05 ] 0.05 0.1 0.15A . [Ge\(/)].Z
Observable Belle II Belle (2021)
Ry+(J/9) 1.009 £ 0.022 £ 0.008 0.994 = 0.011 = 0.010
RKg(J/z/)) 1.042 +0.042 £ 0.008 0.993 £ 0.015 £ 0.010

e First B—~K*/*|- events being collected

- Belle IT can provide independent check of Ry« anomalies with few ab-!

A3lueD "3 ‘Z2Z0Z INC 6 ‘daHDI

% 14 [ Belle II (Preliminary) T Z[Belle I (Preliminary)
> b /Ldt=189 b} T ) Ldt=189f7
(O] 12 F = signal B - K*€+€_ 0] s | — Signal B N K,L[ U
@  40[ =='Background 8 F - =+ Background
8 = Total S 14 == Total
g 8 b % Data S 12f #-Data
= | Z 10
g ° 8 8%
: £
SR AR I
| | | | | | | 0 1 1 1 1 1 1 1 1
05_2 501 520 5023 504 525 5026 527 528 5.29 52 521 522 523 524 525 526 527 5.28 2.29
M, [GeV/c?] M, [GeV/c?]
Decay Belle IT (10-%)  PDG (10-°)
B — K*ete™ 1.42+0.4840.09 1.1940.20
B— K*utpy~ 11940317008  1.06+0.09

ECFA - 22 Jul 2022
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Analyses - where are we at LHCb ?

Bs) ~HH

BO—K%*pp (ang)

B* s~ K**/@uu (ang)
Rk

Ricx (Ry)

Rok

S X X
<

S S X X X X
<

AN
AN

Rks,rkx+
R, knn,n,A
R(D*)
R(D)
R(AL) 4 4 4

+ many others

AN

e We are working on a unified analysis of Bt*—K*/*I-and B9—K*0/*|-
decay ratios with electron and muon final states

- This will provide the final Run-1 and 2 results on these key b—sll LFNU observables

- Important checks in the absence of competitive results from other experiments.

e These efforts are leading to a deeper understanding of our LFNU
measurements. This understanding will be reflected in our final results

ECFA - 22 Jul 2022
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Outline

e Prospects
— Belle-II
- LHCb Upgrade 1
- LHCb Upgrade 2

ECFA - 22 Jul 2022 33



Future Plans

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035+
Run III Run IV Run V
LHCb 40 MHz L=2x10% LHCb L=2x10% LHCb L=1-2x10%*
UPGRADE I Consolidate 50ﬂ)'1 UPGRADE II 300]7)'1
ATLAS ATLAS HL-LHC HL-LHC
Phase I Upgr L — 2x 1034 Phase II UPGRADE L — 5x ]034 L — 5x]034
CMS 300 b CMS 3000 fb!
Phase I Upgr Phase II UPGRADE
Belle II L=3x10% 7 ab’! L=6x10% 50 ab!

LHC schedule:

34



LHCb: VELO

ECFA - 22 Jul 2022 35



Tracker

LHCDb




LHCb: Ring Imaging Cherenkov

| —

First rings in RICH2
during LHC test Oct 2021

ECFA - 22 Jul 2022 37




LHCb: Calorimeter & Muon detector

New CALO
frontend and
control boards

MUON Station 2
Hit map during
machine test Oct
2021

ECFA - 22 Jul 2022
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First data at 13.6 TeV

First 13.6 TeV event display

LHCb Experiment at CERN

< Run | Event: 236189 / 3032040187
THED

Data recorded: 2022-07-05 14:44:16 GMT

F.Blanc, ICHEP, 11 July 2022



Belle II: good detector performance

Good Lepton ID, Muon/
Electron-ID over/under
performing wrt Belle,
improvements in progress

% 1.6 | Belle Il (Preliminary) + Jy-utu
e~ + ete"-eteuty
Q.. | [Ldt= 190 fb™! + etem-ptuty
é‘ KLM Barrel + K¢-nm*n~ - mmis-IDx3
, 12 ete > 1*(1p)Tt¥(3p) nmis
S (0.82 =6< 2.22 rad) D'+ = DO(K-m*)m* - K mis
T 10}
I
< 08} ——
> ——
s 06F . BELLE2-NOTE-PL-2022-003
o
S 04Ff
[a)
=02
= 0.0 L
’ 1 2 3 4 5
p [GeV/c]

E. Manoni, Moriond, 17 Mar 2022

1.0

0.5

0.0

gmatching /(0,11 [GeV/c])

1.025

£ 1.000
W

EDATA

0.975

High photon detection
efficiency,
Belle-like resolution 1t© mass

BELLE2-NOTE-PL-2021-

- "““‘.....'.99009000'ooooloooooooooooop."r
'L
+
1 barrel region only
¢ data Belle Il Preliminary
4 MC [Ldt = 712 fb"?

]*'t11*{*;;"f‘of'vt04°?$0v"?10'?'000+.+++1|‘}

1 L L L

1 2 3 4 5
Precoil [GeV/c]

K ID Efficiency/n mis-ID rate

Good kaon identification,
underperforming wrt Belle,
improvements in progress

Q%AA%“ w&éﬁéﬁw

ALy lAAAA‘AAA A

A KD efficiency (data)
A KD efficiency (MC)

0.8

0.6 Belle Il preliminary
[Ldt = 208 b
0.4 i
v nmis-ID rate (data)
02 v n mis-lD rate (MQ)

TIIIII]III[YYT]TITI

o
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Future Plans

Large Hadron Collider (LHC) High Luminosity LHC (HL-LHC)
ECE I N T
7 TeV—8 TeV— 13 TeV m—mmmm—————————— 13.6 TeV 14 TeV
LHCb 9 fb-1 ——] Upgrade | 35 fb-1 m—] Upgrade Ib Upgrade Il 300 fb-! —}
ATLAS/CMS 190 fb-! —— 450 fb! —— 3000 fb-!
P P Y 7 ) 7o o | s e e ) e ) P
Belle Il 400 fb-1 =——i 7 ab-1 =—q 50 ab-! =——p
I S S -
SuperKEKB
3fb-1 @ Vs = 3.773 GeV 20 fb-1 @ Vs = 3.773 GeV
BESIII 3fb-' @ Vs = 4.178 GeV =i 6fb-1 @ Vs = 4.178 GeV —P
3fb-1 @ /s = 4.64 GeV 5fb-1 @ Vs = 4.64 GeV
BEPCII 1ab-'@Vs=3.773 Ge‘\:
STCF

CEPC

ECFA - 22 Jul 2022 41
Archilli, Altmannshofer, arXiv:2206.11331



2

Peak Luminosity [x10*°cm s™']

Luminosity prospects for Belle IT and LHCb

o 2027:
- Belle II: ~7 ab-l
— LHCb: ~30 fb!

e 2035:

- Belle II: ~50 ab-1 Similar sensitivity
- LHCb: ~60 fb-1

Upgrade | Upgrade Il
— +—>
10 : ; 1 60 =18
: — L = Run5 Run 6§ 350
‘ —Lpe:aleargr:H] 50 NE 16 =
o -

g | [—=muei] = kb N " 300

e Fr b7y %) =
| 40 a2 o - — 250

° | 2 0F :
30 E = — 200

4 3 8 .
20 x F — 150

iy s 6 ]
oF —{100

2 r 110 E ]
2 [Run 1 Run 2 — %

0 1 0 o .—’ { B ] 28— | QU ) | | IR ™ | ]

2019 2024 2029 2034 2010 2015 2020 2025 2030 2035 2%2 )

SuperKEKB plan, updated June 2022 From M.Palutan, LHCP2022
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Upgrades

arXiv:2203.11349

LHCb-TDR-023

2203.11349v1 [hep-ex] 21 Mar 2022

arXiv

Submitted to the Proceedings of the US Community Study
on the Future of Particle Physics (Snowmass 2021)

Snowmass Whitepaper:
The Belle 1T Detector Upgrade Program

Belle II Collaboration

March 23, 2022

Abstract

We describe the planned near-term and potential longer-term upgrades of the
Belle II detector at the SuperKEKB electron-positron collider in Tsukuba, Japan.
These upgrades will allow increasingly sensitive searches for possible new physics be-
yond the Standard Model in flavor, tau, electroweak and dark sector physics that are
both complementary to and competitive with the LHC and other experiments. We
encourage the instrumentation-frontier community to contribute and study upgrade
ideas as part of the Snowmass process.

Corresponding author:
Francesco Forti <francesco.forti@pi.infn.it>
Editors:

Sven Vahsen <sevahsen®Chawaii.edu>

Peter Krizan <peter.krizan@ijs.si>

Phillip Urquijo <phillip.urquijo@unimelb.edu.au>
Laci Andricek <laci.andricek@hll.mpg.de>

Katsuro Nakamura <katsuro@post.kek.jp>

Carlos Marinas <cmarinas@ific.uv.es>

Jerome Baudot <jerome.baudot@iphc.cnrs.fr>
Akimasa Ishikawa <akimasa.ishikawa@kek.jp>

Nanae Taniguchi <nanae@post.kek.jp>

Ezio Torassa <ezio.torassa®pd.infn.it>

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-LHCC-2021-012
LHCb TDR 23

24 February 2022

Framework TDR for the LHCb Upgrade II

Opportunities in flavour physics,
and beyond, in the HL-LHC era

The LHCb collaboration

Abstract

This document is the Framework Technical Design Report for the Upgrade II of the LHCb experiment,
which is proposed for the long shutdown 4 of the LHC. The upgraded detector will operate at a
maximum luminosity of 1.5 x 103 cm=2s~!, with the aim of integrating ~ 300 fb~" through the lifetime
of the high-luminosity LHC (HL-LHC). The collected data will allow to fully exploit the flavour-physics
opportunities of the HL-LHC, probing a wide range of physics observables with unprecedented accuracy.
In particular, the new physics mass scale probed, for fixed couplings, will almost double as compared
with the pre-HL-LHC era.

The accomplishment of this ambitious programme will require that the current detector performance
is maintained at the maximum expected pile-up of ~40, and even improved in certain specific domains.
To meet this challenge, it is foreseen to replace all of the existing spectrometer components to increase
the granularity, reduce the amount of material in the detector and to exploit the use of new technologies
including precision timing of the order of a few tens of picoseconds. The design options for each sub-
detector are discussed, and the ongoing efforts to face the associated technology challenges. For the first
time, elements of the environmental impact of the project are considered. Finally, details are given about
the project schedule, the cost envelope and the participating institutes.

Approved by LHCC, 2022

ECFA - 22 Jul 2022
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Planning for Upgrade II: Tracking

VELO pixel UT pixel
. Add Timing - MAPS, radiation tolerant

== « New RF-foil
o | L 3D, LGADs, 28nm

Magnet Station new

SciFi

Track

Mighty Tracker
« MAPS pixel and Scintillating fibers

\!
T
T

|3

s

upgrade




Planning for Upgrade II: PID detectors

RICH1 and RICH 2 TORCH new
* Reduced pixel size ===l ., TOF — quartz
* Add timing informafi RS . \CP

* SiPM, MCP -

ccccc

66cm x 125¢m x 1 g
Fomos

Quartz p% .

Space & time segmentation
SPACAL with rad hard crystals
Timing layer with MCP or Si
W-Si sampling

Muon
*  w—-RWELL for inner regions
«  MWPC for outer regions (recycles)




Planning for Upgrade II: Testbeam

e Activities for RICH, VELO, ECAL, MUON

e Lots of opportunities for R&D in coming decade!

s.\ 7 T
mespot

ECFA - 22 Jul 2022 46



Prospects

arXiv:2207.06307

arXiv:2207.06307v1 [hep-ex] 13 Jul 2022

Submitted to the Proceedings of the US Community Study
on the Future of Particle Physics (Snowmass 2021)

Snowmass White Paper:
Belle IT physics reach and plans for
the next decade and beyond

Belle 11 Collaboration

Abstract

We describe the physics potential of the Belle IT experiment with electron-positron
data corresponding to integrated luminosities of 1ab™' to 50ab™'. We discuss
Belle II's unique capabil in reconstructing neutral particles, neutrinos and other
“invisible” particles, and inclusive final states to probe non-standard-model physics.
We project sensitivities for compelling measurements that are of primary relevance
and where Belle II reach is unique or world leading.

arXiv:1808.08865

arXiv:1808.08865v4 [hep-ex] 5 Apr 2019

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

L H! Cb CERN-LHCC-2018-027

[VRCD | LHCB-PUB-2018-009

27 August 2018

Physics case for an LHCb Upgrade 11

Opportunities in flavour physics,
and beyond, in the HL-LHC era

The LHCb collaboration

Abstract

The LHCb Upgrade IT will fully exploit the flavour-physics opportunities of the HL-LHC, and study
additional physics topics that take advantage of the forward acceptance of the LHCb spectrometer. The
LHCb Upgrade I will begin operation in 2020. Consolidation will occur, and modest enhancements of the
Upgrade I detector will be installed, in Long Shutdown 3 of the LHC (2025) and these are discussed here.
The main Upgrade II detector will be installed in long shutdown 4 of the LHC (2030) and will build on
the strengths of the current LHCb experiment and the Upgrade I. It will operate at a luminosity up
to 2 x 10** em~2s~!, ten times that of the Upgrade I detector. New detector components will improve
the intrinsic performance of the experiment in certain key areas. An Expression Of Interest proposing
Upgrade II was submitted in February 2017. The physi
more depth. CP-violating phases will be measured with pre
facility. The e
de ble at Upgrade I. Minimal flavour violation will be tested with a pre
measurement of the ratio of B(B"— ppu~)/B(BY— ptp~). Probing charm CP violation at the 10~°
level may result in its long sought discovery. Major advances in hadron spectroscopy will be possible,
which will be powerful probes of low energy QCD. Upgrade II potentially will have the highest sensitivity
of all the LHC experiments on the Higgs to charm-quark couplings. Generically, the new phy

ase for the Upgrade II is presented here in

ions unattainable at any other envisaged
seriment will probe b — s¢*¢~ and b — d¢*(~ transitions in both muon and

s in modes not acc

ics mass
scale probed, for fixed couplings, will almost double compared with the pre-HL-LHC era; this extended
reach for flavour physics is similar to that which would be achieved by the HE-LHC proposal for the
energy frontier.

(© 2019 CERN for the benefit of the LHCb collaboration. CC-BY-4.0 licence.

ECFA - 22 Jul 2022
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Total uncertainty [%)]

R(D™)) sensitivity

Belle II LHCDb
18 — Ry \l[had[Ll lep r) : (o) v
LHCb
16 R(=) (had FEI) ?:’ ¢
-~ R{D) (had FEI, lep 1) o} 0.1-
14 R{D) (SL FEI lep 1) 2 ’ v
12— R(D*) (had FEI, lep 7) = v
. T I - 3 Py — X
» ===+ R{D") (SL FEL lep 1) 2 . 0.023: Current world best R(D*)
]” ....... R: 1)'| (hdd FE] had T) 'Q ----------------------------------------------------------------- ; -----
S 8% Current world best R(D*) 1 <
(el ennnnnnnnnns 1-__-:&: -------------------------------------------------- x
- 0.01 S
b' .
4 x X=D" 17 —pu v, y
: e X=D"717 —wnrtnu .
: v X=J/p, 77 = p o,
S 5 S e 0.001 - — .
v ~ v “ 3 23 50 300
Data sample in ab Integrated Luminosity [fb_l]
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b—sll complementarity!

e B

elle II prospects:

e |LHCb prospects:

B—Kvv Uncertainty on relative signal strength p
pecay 1 ab ! Sab ! 10ab~? 50ab !
BT — Ktvw 055 (0.37) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08)
B — Kdvi 2 OG (1. 37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)
Bt — K*fvy 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38)
B — K*wp  1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23)
BO—K*01T B(B" — K*7r7) (had tag)
ab™!  7Baseline” scenario ”Improved” scenario
1 <3.2x107° <12x107°
5 <20x107? <6.8x 1071
10 <18x107* <6.5x 1071
50 <1.6x1073 <53x 1074
Bt —/tv (not b—sll, but fully leptonic, with links to b—ctv
< A Bt —u™" V| .
= 40.0 B apiy, 1200 9
g5 35.0% 17.5 &
g =
S 30.0f {15.0 £
= 8
; 25.0} 112.5 £
= ()
T 20.0f 110.0 &
o <
< 15.0 7.5 &
% 10.0f 5.0 =
+ =%
n 5.0f 2.5 5
a Belle II ‘
1 10 50

Integrated Luminosity [ab ']

B—Kee [ 9T 23 ! 50fb ' 300fD
BT — Ktete™ 1120 3300 7500 46 000
BY— K*0¢te= 490 1400 3300 20000
BS — ¢ete 80 230 530 3300
/12 — pKe*e’ 120 360 820 5000
BT > ntete™ 20 70 150 900
BOS - (assuming 4% syst uncertainty)
23 fbl 300 fb-1
0.30 x 10-° 0.16 x 10-°
P.’ after Run-3 (23 fb’!
B HE sM
0.75 I scenario 11
0.50 - I scenario |
0.25
27 0.00f
-0.25F
-0.50 |
-0.75
Ly,
_ ] [ — ] ] ]
1.00 0 2 4 6 8 10 12
q* [GeV?]

ECFA - 22 Jul 2022 49



Prospects

Observable 2022 Belle-I1 Belle-IT Belle-11 Observable Current LHCh Upgrade 1 Upgrade 11
Belle(Il),  5ab! 50 ab~! 250 ab~! (up to 971 (2371 (50f7Y)  (300fh7Y)
BaBar
Scp(B = K*%9) 0.32 0.11 0.035 0.015 Rare Decays
R(B — K*0)f 0.26 0.09 0.03 0.01 BB — putp)/B(BY = ptp™) 69% [40,41)  41% 27% 11%
R(B — D*rv) 0.018 0.009 0.0045 <0.003 Suu (B = pt ™) - - — 0.2
R(B — Drv) 0.034 0.016 0.008 <0.003 AD (BY - K0¢ter) 0.10  [52] 0.060 0.043 0.016
B(B — 1v) 24% 9% 4% 2% Al (B 5 K*0¢ter) 010 [52] 0.060 0.043 0.016
B(B = K*vi) - 25% 9% 4% ABT(BY — ) o4l (5] 0.124 0.083 0.033
B(r — ) UL 21070 22107 69107 3.1 x 1077 Sor (BY = 1) 032 [5] 0093 0062 0.025
B(T — MM/J,) UL 21 x 10 3.6 x 10 0.36 x 10 0.0_793 X 047(/12 N A,y) tg%; [53] 0.148 0.097 0.038
10 Lepton Universality Tests
Rk (BT = K*(+10) 0.044 [12] 0.025 0.017 0.007
R+ (BY = K00+ 17) 012 [61] 0.034 0.022 0.009
R(D*) (B = D"+ 0.026 [62,64]  0.007 0.005 0.002

Belle II, arXiv:2203.11349

LHCb, Framework TDR, LHCb-TDR-023
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Summary

e Precision measurements to scrutinize the Standard Model

e Precision measurements reach very high mass scales

e Precision measurements are statistically limited

e Belle II and LHCb complementary and strengthen each other

e Lots of opportunities to contribute to R&D

2020 2040
—_ 1.00
1 —
. LHCb Run 1 + 2016 1 0.75 = SM
[ ] scenario 11
l (=] SM from DHMV . 0.50 B scenario |
0.5 _ S
L T 0.25 \
oF _ a” 0.00
N 1 e W -0.25}F
n 4=
~0.5F — | % = 5 ~050
- + —— 18 sl \
C i (% 0.75 “\\
-1 L1 :I A D SR = ~1.00 1 I L ! I !
0 5 10 15 0 2 4 6 8 10 12
g2 [GeV?/c4] ¢ [GeV?]
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Backups
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B0 —utu (LHCDb)

e More observables accessible
e New Physics can lead to different CP structure of final state

- Affects the mix of long and short-living B, mesons

@ Upper Bound (R = 1.4)
Excluded at 95% C.L.
— Tllustration for Aar(pps = 0,7) |

0.67

0.4r

0.2r

‘ ‘ ‘ _SM ‘
0.0 T 0T 05 05 ™ 12 14

2 job LHCb -
= : 9.0 fb"! :
S 8K 035 <BDT <0.55 3
3 6F -
% - -
= 4 -
= o ]
§ 2 ;
— ) — 0: + $ r - -—*—-++'
£ 0p LHco, L
- . 9.0 fb :
~ 8 BDT > 055 Decay time [ps]
Q ]
g Of 11 LHCb Coll. arXiv:2108.09284
o C 3
S 4t E
S SET
of ]
0 5 10 15
Decay time [ps]

De Bruyn, Fleischer, NT, et al., PRL109 (2012) 041801

7(BY — ptp~) = 2.07 + 0.29 + 0.03 ps
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Historical record of indirect discoveries

GIM mechanism in KO—pup

CP violation, K °—nn

BO& >RO mixing

Weak Interactions with Lepton-Hadron Symmetry*

S. L. Grasuow, J. Iniorouros, aNp L. Marantf
Lyman Laboratory of Physics, Harvard University, Cambridge, Massachuseits 02139
(Received 5 March 1970)
We propose a model of weak interactions in which the currents are constructed out of four basic quark
fields and interact with a charged massive vector boson. We show, to all orders in perturbation theory,
that the leading divergences do not violate any strong-interaction symmetry and the next to the leading

divergences respect all observed weak-interaction selection rules. The model features a remarkable symmetry
between leptons and quarks. The extension of our model to a complete Yang-Milis theory is discussed.

splitting, beginning at order G(GA2), as well as con-
tributions to such unobserved decay modes as K»—
wt4u=, K+ — a1+, etc., involving neutral lepton

We wish to propose a simple model in which the
divergences are properly ordered. Our mndel ic fanndad
in a quark model, but one involving four, not three,
fundamental fermions; the weak interactions are medi-

new quantum number @ for charm.

q q
AJ(;—‘;‘
3 ?

27 JuLy 1964

EVIDENCE FOR THE 27 DECAY OF THE K,° MESON*T

J. H. Christenson, J. W, Cronin,I V. L. Fitch,I and R. Turlay§
Princeton University, Princeton, New Jersey
(Received 10 July 1964)

This Letter reports the results of experimental
studies designed to search for the 27 decay of the
K,° meson. Several previous experiments have

DESY 87-029
April 1987

OBSERVATION OF B'. ﬁo MIXING
The ARGUS Collaboration

In summary, the combined evidence of the investigation of BY meson pairs, lepton pairs
. =
and B meson-lepton events on the Y(45) leads to the conclusion that B%-F mixing has

been observed and is substantial,

Parameters Comments

Progress of Theoretical Physics, Vol. 49, No. 2, February 1973

CP-Violation in the Renormalizable Theory
of Weak Interaction

Makoto KOBAYASHI and Toshihide MASKAWA

Department of Physics, Kyoto University, Kyoto

(Received September 1, 1972)

doublet with the same charge assignment. This is because all phases of elements
of a 3x3 unitary matrix cannot be absorbed into the phase convention of six

fields. This vossibilitv of CP.violation will be discussed later on.

avu wstussu.

r > 009 90%C L

x> 0.44

Bify = fy < 160 MeV
my < 5GeV /¢

n< 14107

Vgl < 0.018

nocn < 0.86

m > 50GeV /¢? |

This experiment

This experiment

B meson (= pion} decay constant
b-quark mass

B meson lifetime
Kobayashi-Maskawa matrix element
QCD correction factor 17]

t quark tmass

Glashow, Iliopoulos, Maiani,
Phys.Rev. D2 (1970) 1285

“Discovery” of charm

Christenson, Cronin, Fitch, Turlay,
Phys.Rev.Lett. 13 (1964) 138
Kobayashi, Maskawa,

Prog.Theor. Phys. 49 (1973) 652

“Discovery” of beauty

ARGUS Coll.
Phys.Lett.B192 (1987) 245

“Discovery” of top
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Anomalies
e What is the overall picture? Combination statistically not simple

—07%19”} PAPER-2021-008 [

3. t contours = B
*1 0.6 - LHCb _|
OT - 447" o
2 0.5 -9y
2 L i
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PAPER-2017-013 | i ] | PAPER-2019-040
3 C 1 0. L J E 1.4__
Q? 1.0 fr PR - 01 | Q: i
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C BIP ] S 4} |
0.4 Y CDHMV ] 0.8 |
C B EOS ] _
02F @ flav.io ] R
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Effective couplings

LHCb, JHEP 02 (2016) 104

ARe(Cy) = —1.04 4 0.25

Model independent fits:

e C,NP deviates from 0 by >40

e Independent fits by many groups favour:

n CoNP=-C, NP

> All measurements (175) agree with a single (simple?) shift

T
C,
? Charm-loop effects could cause a shift in Cy
NP=(V-A) ‘
[ Q
0 NP=V. |
U —
SM
(0 C, NP
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Model building

Most popular models: Z’ or Leptoquark

su(2)’

Leptoquark

ECFA - 22 Jul 2022
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Historical record of indirect discoveries

v B decay Fermi 1932 Reactor v-CC  Cowan, Reines 1956
W B decay Fermi 1932 W—ev UA1, UA2 1983
C KO— GIM 1970 J/y Richter, Ting 1974
b CPV K°—nn  CKM, 39 gen 1964/72 |Y Ledermann 1977
7 v-NC Gargamelle 1973 Z—ete UA1 1983
t B mixing ARGUS 1987 t—Wb DO, CDF 1995
H ete EW fit, LEP 2000 H—4u/yy CMS, ATLAS 2012
? What's next ? ? ?
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